28 Analyzing the effects of the inputs on the correlated multivariate output is important to assess 29 risk and make decisions in Hydrological processes. However, the existing methods, such as output 30 decomposition approach and covariance decomposition approach, can't provide sufficient 31 information of the effects of the inputs on the multivariate output, since these methods only 32 
Introduction

47
Models with multivariate output are widely used in the field of engineer and science, and the 48 multivariate output is correlated in some degree. For example, output of multiple elicitation 49 surveys are applied to the cost of key low-carbon energy technology (Bosetti, Marangoni et al. 50 2015) , and many dynamic models used to study risk assessment and decision support in ecology 51 and crop science generate time-dependent model predictions, with time being either discretized 52 in a finite number of time steps or considered as continuous (Lamboni, Monod et al. 2011) . 53
Traditional methods for Global Sensitivity Analysis (GSA), including the elementary effect method 54 
(1)
(1)(
Covariance decomposition approach 143
In the case of multivariate output rm  ( 1) m  , taking the covariance matrices for both sides 144 of Y , Gamboa (Garcia-Cabrejo and Valocchi 2014) obtained 145
(1) ( ) 1,2,..., ( , The expression implies that the covariance matrix C of the multivariate output can be partitioned 147 into the sum of covariance matrices that comes from changes in single Take the trace about the both sides of Eq.(6), Eq.(7) can be obtained, 151
(1) ( ) 
C is the sum of the variances of all outputs
can be interpreted as the sum of the variances associated with input variable If the correlation is in the output, the traditional sensitivity measure for the multivariate output is 165 difficult to be interpreted. Furthermore, these methods ignore the influence of the dimension of 166 the output variable. If some outputs have higher order of magnitude than others, they will make 167 larger contribution improperly over the whole outputs (Szirtes and Rózsa 2007 
The vector projection can be used to generalize the important measure. According to the definition of 187 inner product (Durier 1994 
Like Eq.(3) the total effect can be expressed as Eq. (17): 199 
And the total effect index is: 207 
Proof. (ii) If has no effect on , then
If has no effect on but has effect on , then
where () corr  ，is the correlation coefficient between two random variables. 
The link between the vector projection index and the Sobol index
And when 1 m  , the index 
) ( , , 
And the interaction effect of any group of input variables 1 ,..., 
Similarly, the total effect index of i X can be compactly expressed as 293 
The sensitivity results obtained by the Sobol index 
1.905 0.565 ( ) 0.03
The input variables follow normal distribution, and their distribution parameters are shown in 338 Table 2 . The sensitivity results are listed in Table 3 . Since this example has interaction terms, the 339 main effect indexes and the total effect indexes based on the covariance decomposition and the 340 vector projection are both presented in Table 3 . To compare other differency between the new 341 indices with the traditional method for multivariate output expect dimension, we calculate the 342
ST which the influence of the dimension of the outputs is eliminated. Error (TRMSE) (Kollat, Reed et al. 2012 ) and Slope of the Flow Duration Curve (SDFCE). Jan 378 suggested that the combination of different functions is suitable to judge different parameter sets 379 which may perform more or less similarly well (Seibert 1997 
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through the number of time steps on the calibration period.NSE is most often used as a hydrologic model 388 calibration objective,which ranges from 1 to  389
Transformed Root-mean-square-error (RMSE) 390
The second objective emphasizes low flow errors using the Box-Cox transformed root-mean-391 374 
